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BACKGROUND OF THE INVENTION 

This invention relates to an improved breadmaker and a bread making 
system capable of maintaining the freshness of the bread contained therein by 
monitoring and maintaining the ambient conditions such as temperature and humidity 
inside the baking chamber of the breadmaker. 

Conventional breadmaker used at home generally has a baking 
chamber containing an electric heater at the bottom, a baking pan to be set inside the 
baking chamber for receiving ingredients therein, a stirrer for stirring and kneading 
the ingredients inside the baking pan and a stirring motor for rotating the stirrer in 
a specific manner. 

In order to have a loaf of bread ready for morning consumption, the 
ingredients are usually prepared in advance and placed inside the baking pan 
overnight and subject to different steps of the breadmaking process such as stirring, 
kneading, leavening and baking. The entire breadmaking process usually takes 
several hours during the night to complete. After the breadmaking process is 
completed, the bread is usually left inside the baking chamber undisturbed until 
morning time. It may be several hours from the time the bread is ready to the time 
of consumption. During that time period, the bread will likely cool down. > If the 
bread is reheated, it will harden due to the lost of moisture from evaporation, and 
thus affecting the taste and texture of the bread made. 

For example, attempts have been made to reheat the bread in a 
microwave oven before consumption. However, this method is not preferred 



because of the extra step of removing the bread from the breadmaker and 
transferring it to a dish for microwave warming. In addition, even after reheating by 
microwave, the texture of the bread is still not satisfactory because the microwave 
wanning process does not introduce any moisture back into the bread. 
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SUMMARY OF THF. INVENTION 
It is therefore an object of the present invention to provide an 
improved breadmaker generally of the type described above which, however, is 
capable of providing a controlled environment inside the baking chamber to keep the 
5 bread fresh for a period of time. 

It is another object of the invention to provide an improved 
breadmaker capable of maintaining a desirable temperature, humidity, and aroma 
inside the baking chamber for a period of time. 

It is still another object of the invention to provide an improved 
10 breadmaker capable of warming and maintaining the moisture inside the baking 
chamber to keep the bread contained herein warm and moist. 

An improved breadmaker embodying the present invention, with 
which the above and other objects can be achieved, comprises a baking chamber 
ha-vdng an electric heater at the bottom, a baking pan adapted to receive ingredients 
15 therein and be set uiside the baking chamber, a stirrer for stirring and kneading the 
ingredients inside the baking pan and a stirring motor for rotating the stirrer in a 
specified manner. 

The present invention also comprises ambient condition sensors for 
monitoring the ambient conditions inside the baking chamber. In the preferred 
20 embodiment, the ambient condition sensors comprises of a temperature sensor and 
a humidity sensor. 

Furthermore, a humidifier and a surface heater are provided inside the 
baking chamber to provide sources of interior moisture and temperature. In 
addition, at least one vent hole is provided in the breadmaker to allow steam to 
25 escape from inside the baking chamber. 

In a preferred embodiment, a controller is provided to control the 
humidifier and the surface heater in respond to the ambient condition sensors so that 
a controlled ambient environment can be maintained inside the baking chamber. The 
breadmaker according to the present invention is controlled by the controller to 
30 automatically carry out programmed sequence of operations used in different steps 
of the bread making process. The sequence of operations is stored in a storage in 
the controller, and can be either preprogrammed or manually inputted biLthe users. 
The preprogrammed or inputted parameters comprise: length of the keeping warm 
period after the baking is completed; temperature of the keeping warm period; time 
to wake up the breadmaker and to reheat the bread; inside humidity during the 
reheating period; temperature inside the baking chamber during the reheating period; 
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and time to close off all the vent holes to prevent aroma and moisture from escaping 
from the baking chamber, etc. 

Based on the programmed sequence of operations, the controller 
controls individual operation of the different components of the breadmaker (e.g. 
main heater, surface heater, humidifier, air circulating mechanism, vent holes and 
stirrer, etc) responding to the ambient condition sensors located inside the baking 
chamber. The controller determines the optimum combinations of the controlling 
parameters for the different components of the breadmaker during the kneading 
mode, baking mode, keeping warm mode, reheating mode and high heating mode, 
and thereby generates sets of control signals to control the various components of 
the breadmakers. 

For example, during the kneading process, the controller first 
generates the appropriate control signals to control the electric heater and the stirrer 
motor to stir and knead the ingredients contained inside the baking chamber. Then, 
the controller generates control signals for suspending the operation of the stirrer 
motor to allow the ingredients to leaven. 

In the baking mode, the controller turns on the electric heater to heat 
up the baking chamber for baking the dough contained therein. A controller with 
some of the above-mentioned features is disclosed in U.S. Patent No. 5,704,277 
issued to the same inventor of the present application, which is hereby incorporated 
by reference. 

After the baking of the bread is completed, the present invention can 
keep the bread in preferably a warm temperature for later consumption (i.e. keeping 
warm mode). During the keeping warm mode, the controller turns on a surface 
heater along with a humidifier to maintain an predetermined warming temperature 
and humidity inside the baking chamber. After a predetermined period of time 
preprogrammed or entered by the user, the breadmaker will turn itself off 
automatically. 

In the reheating mode, the breadmaker of the present invention can 
wake itself up at a selected time for reheating the bread. The breadmaker reheats the 
bread and reintroduces moisture back into the baking chamber so that the bread 
contained therein remains warm and moist. £ 

In addition, in a preferred embodiment, the present invention provides 
a high heating mode. During the high heating mode, the main heater is turned on 
and the temperature inside the baking chamber is then raised to a sufficiently high 
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temperature to drive off residual moisture and kill off any germs contained inside the 
baking chamber before the breadmaker is put away for storage. 

In addition, in a preferred embodiment, the present invention provides 
a cooling down mode. During the cooling down mode, the hot air inside the 
5 chamber is vented to the outside by means of an exhaust fan. This minimizes the 
bread spoiling when it is not consumed in the immediate future and is anticipated to 
be stored in the breadmaker for more than several hours. 

Additional objects, features and advantages of various aspects of the 
present invention will become apparent from the following description of its 
10 preferred embodiments, which description should be taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a schematic diagram of a breadmaker embodying the 
present invention; 

15 Figure 2 is a schematic diagram of the construction of a surface 

heater; 

Figure 3 a is a humidifier having a water level sensor to maintain a 

[ y 

□ predetermined water level inside a evaporator tank; 

Figure 3 b is a humidifier having a water valve to allow water to flow 
I 20 into a evaporator tank when moisture is needed; 

Figure 3c is a humidifier having a transducer to heat the water 
contained in a evaporator tank; 

Figures 4a and 4b are schematic diagrams of the plurality of vent 

holes; 

25 Figure 5 is a block diagram of a control system used in the 

breadmaker, according to a preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
Figure I shows a breadmaker 1 embodying the present invention. 
The preferred breadmaker of the present invention comprises an outer housing 10, 
30 a baking chamber 12 having an electric heater 14 located near the bottom of the 
baking chamber 12, a baking pan 16 removably set inside the baking chamber 12 for 
receiving bread ingredients therein, a stirrer motor 18 located inside a motor 
chamber 20 adjacent to but removably separated by a chamber-separating wall from 



the baking chamber 12, and a baking chamber door 60 to allow ingredients to be 
introduced into the baking chamber 12. 

The drive shaft 22 of the stirrer motor 1 8 is in motion-communicating 
relationship with a stirrer drive shaft 24 through a belt 26. In this way, by activating 

5 the stirrer motor 1 8 in a controlled manner, the stirrer blade 28 attached to the stirrer 
drive shaft 24 can be rotated in a specified manner such as alternatively in the 
clockwise and counter clockwise directions for stirring, kneading and mixing the 
contents of the baking pan 16. 

In one preferred embodiment of the present invention, the baking pan 

10 16 is combined with the baking chamber 12 so that the baking pan^'ie is not 
detachable from the breadmaker 1 as shown in Figure 1. In this preferred 
embodiment, the baking chamber 12 works as a baking pan for receiving the baking 
ingredients with the main heater 14 disposed inside the walls of the baking chamber 
12 to prevent direct heating from the main heater 14 to the ingredients contained 

15 therein. 

In yet another embodiment of the present invention, the main heater 
14 is located in either the top portion or the side walls of the baking chamber 12. 
By placing the main heater 14 in the top portion or the side walls of the baking 
chamber 12, this preferred embodiment provides a more uniform heating to the 

20 ingredients contained inside the baking chamber 12. 

The motor chamber 20 further contains therein a fan motor 30 
adjacent to the baking chamber 12 and is separated from the baking pan 16 by a 
partition wall for circulating the air inside the baking chamber 12 for uniform heating 
inside the baking pan 16. 

25 The breadmaker of the present invention further comprises one or 

more ambient condition sensors for detecting the interior ambient conditions such 
as the interior temperature and humidity inside the baking chamber 12. In the 
preferred embodiment, there are a temperature sensor 32 and a humidity level sensor 

30 The breadmaker of the present invention allows breads to be kept 

warm or, reheated when the breadmaker is in the keeping warm mode or the 
reheating mode respectively. A surface heater 36 and a humidifier 38 ar^ provided 
to generate auxiliary heating and moisture for the baking chamber 12 during the 
keeping warm and reheating modes. The surface heater 36 and humidifier 38 

35 operate in respond to the ambient conditions detected by the temperature sensor 32 
and the humidity level sensor 34. The operations of the surface heater 36 and 



humidifier 38 are controlled by a controller 40 according to programmed sequences 
of operations stored inside the controller 40. 

Figure 2 shows the detail of the surface heater 36 of a preferred 
embodiment of the present invention. The surface heater 36 comprises a plurality 
of heating elements 102 covered by aluminum papers 104 and attached to the outer 
surface of the baking chamber 12. It is preferably that the surface heater 36 covers 
substantially all the interior walls of the baking chamber 106. By wrapping the 
surface heater 3 6 substantially around the baking chamber 12, the temperature inside 
the baking chamber 12 can be evenly maintained. 

Figure 3a, 3b, and 3c show in more detail different embodiments of 
the humidifier 38. The humidifier 38 comprises an evaporator tank 42, an 
evaporator heater 44 for heating the evaporator tank 42 to generate water vapor 
inside the baking chamber 12, a water reservoir 46 for supply water to the 
evaporator tank 42, a water pipe 50 connecting the evaporator tank 42 to the water 
reservoir 46, and a water pipe valve 52 coupled to the water pipe 50 for controlling 
the amount of water flowing from the reservoir 46 to the evaporator tank 42. The 
evaporator heater 44 is controlled by the controller 40 according to the 
predetermined programmed sequences of operations. For example, when the 
humidity level inside the baking chamber 12 is sensed to be too low, the evaporator 
heater 44 will be activated to heat the water contained in the evaporator tank 42 for 
generating water vapor inside the baking chamber 12. On the other hand, if the 
controller determines that the humidity level inside the baking chamber 12 is 
sufficient, the evaporator heater 44 will be turned offto prevent further evaporating. 

Figure 3a shows one preferred embodiment of the present invention. 
25 In this embodiment, the water pipe valve 52 is controlled by a water level sensor 

When the water level in the evaporator tank 42 is too high, the water level sensor 
S' \ ^ cuts off the water supply to the evaporator tank 42. On the other hand, if the 
water level is too low to provide sufficient water vapor, the water pipe valve 52 will 
be opened to allow water to flow into the heated evaporator tank 42 for producing 
30 more water vapor inside the baking chamber 12. 

Figure 3b shows another preferred embodiment of the present 
invention. The water pipe valve 52 is controlled by the controller 40. i^he water 
pipe valve 52 is normally off and is only switched on to allow water to flow into the 
evaporator tank 42 when the controller determines that the humidity level inside the 
35 baking chamber 12 is too low. Water vapor is produced once the water reaches the 
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evaporator tank 42 heated by the evaporator heater 44. In this embodiment, the 
water level sensor 5 1 is not needed. 

In order to simplify the overall design, in one embodiment of the 
present invention, the evaporator tank 42 can simply be heated by the main electric 
heater 14 instead of an evaporator heater. Therefore, a separate evaporator heater 
is not required because the electric heater 14 performs both the functions of normal 
bread baking and water vapor generating. 

Figure 3 c shows yet another embodiment of the present invention, 
instead of using the main electric heater 14 or a separate evaporator heater, an 
electronic transducer 53 such as an ultrasonic transducer is placed in the evaporator 
tank 42 to generate water vapor for maintaining the appropriate humiditylnside the 
baking chamber. Alternatively, the electronic transducer 53 may be used in place of 
the heating element 44 in the embodiment as shown in Figure 3b. 

In another preferred embodiment of the present invention, the 
breadmaker of the present invention is designed to perform as a steamer (e.g. for 
steaming Chinese style buns, and vegetables, etc). In this preferred embodiment, 
the water reservoir 46 of the humidifier 38 is enlarged so that a large amount of 
water can be stored therein. By enlarging the water reservoir 46, a large volume of 
steam can be produced by the humidifier 38. Therefore, the humidifier 38 not only 
simply provides moisture into the breadmaker during different operating modes, the 
humidifier 38 can also perform as a steam generator for steaming the ingredients 
contained inside the breadmaker. In this steaming mode, the main electric heater 14 
and the surface heater 36, for example, can be completely turned on so that the 
dough contained inside the breadmaker is steam cooked. 

In another preferred embodiment of the present invention, the stirrer 
blade 28 is allowed to be detached from the stirrer drive shaft 24 and/or the baking 
chamber 12. Specifically, the stirrer blade 28 can be detached when the recipes do 
not call for any action from it. For example, when only vegetables are steamed, the 
stirrer blade 28 is detached so that the entire baking chamber 12 can be filled with 
the vegetables. 

The basic function of the controller 40 is for controlling the 
operations of various components of the breadmaker. The controller 4Q provides 
control signals to the electric heater 14, the stirrer motor 18, the motor fan 30, and 
also the air vent holes 42 (if the particular baking process requires such control). 
The detail operation of the controller 40 in controlling various components of the 
breadmaker is discussed in detail in U.S. Patent no. 5,704,277 issued to the same 



inventor of the present application, and is hereby incorporated by reference. 
Another disclosure of a controller suitable for the present invention is given in US 
5,967,021 U.S. Patent No, 5,967,021 issued to the same inventor of the present 
application, and is also incorporated herein by reference. 
5 In a preferred embodiment of the present invention, the controller 40 

is designed to perform additional functions such as analyzing the interior temperature 
and humidity detected by the temperature sensor 32 and the humidity level sensor 
34, and producing control signals according to the programmed sequences of 
operations to control different components inside the breadmakers in order to 
10 provide desired ambient conditions for warming and reheating the bread*contained 
inside. 

In one preferred embodiment of the present invention, a plurality of 
vent holes 42 are placed in the top wall of the breadmaker as shown in Figure 1 , In 
particular, the vent holes 42 can be opened or closed using a solenoid 43 as shown 
15 in Figures 4a and 4b. Depending on the bread recipe and/or the inside ambient 
conditions of the breadmaker, the vent holes 42 can be opened or closed by the 
controller 40, For example, during the baking process, the vent holes 42 can be 
opened by the controller 40 to let steam escape from the baking chamber 12. On the 
other hand, during some period in the baking process, the controller can close the 
i3 20 vent holes 42 in order to retain moisture or aroma inside the breadmaker. 

' Furthermore, the vent holes 42 can also be closed during the keeping warm mode 

to prevent lost of moisture from the bread. 

Specifically, part of the novelty of this aspect of the invention is to 
allow the breadmaker to be programmed such that the vent holes 42 can be opened 
25 or closed during any period of time in any mode (e.g. kneading, baking, steaming, 
and keeping warm, etc.). 

In yet another preferred embodiment of the present invention, a door 
seal is disposed between the baking chamber door 60 and the wall of the baking 
chamber 1 2 to prevent moisture from escaping from the baking chamber, particularly 
30 during the keeping warm stage. It should be noted that this door seal is preferably 
made of a plastic that is able to withstand multiple thermal cycles. 

Figure 5 shows a block diagram of the controller of i« preferred 
embodiment of the present invention. In the preferred embodiment, the ambient 
condition sensors 30 located inside the baking chamber 12 comprises a temperature 
35 sensor 32 and a humidity level sensor 34 for detecting the internal temperature and 



humidity inside the baking chamber 12. The sensing signals 301 generated from 
these sensors are then fed into the controller 40. 

As shown in Figure 5, the controller 40 comprises a processor 302, 
a storage 304 for storing sequences of operations for various components of the 
breadmaker, an inputting mechanism 306 for the user to input parameters for the 
baking, warming, and reheating processes, and a timer 308 for providing a clock for 
the controller 40. 

Even though the basic operations of the controller 40 are disclosed 
in the U.S. Patent no, 5,704,277, it is important to point out the additional functions 
performed by the controller 40 of the present invention. 

In the preferred embodiment of the present invention, the controller 
40 is responsive to the sensing signals 301 such as that of the interior temperature 
and humidity from the ambient condition sensors 302 and thereby processes the data 
according to the programmed sequences of operations stored in its storage 304. In 
the preferred embodiment, the ambient condition sensors 302 comprise a 
temperature sensor 32 and a humidity level sensor 34 disposed inside the baking 
chamber 12 for monitoring the interior temperature and humidity of the baking 
chamber 12. The controller 40 then generates sets of control signals 3 10 to control 
the various components of the breadmaker in respond to the internal temperature 
and humidity detected inside the baking chamber 12, By appropriate controlling of 
the operations of the humidifier 38 and the surface heater 36, desirable ambient 
conditions can be maintained inside the baking chamber 12 during the keeping warm 
and reheating modes of the breadmaker. 

It should also be pointed out that the present invention allows the 
user to modify or enter parameters for different modes of the breadmaker. Instead 
of using the parameters preprogrammed by the breadmaker's manufacturer, the 
parameters can be modified by the user. This is accomplished by the inputting 
mechanism 306 and the parameters are stored in the storage 304 of the controller 40, 

For example,' the breadmaker can operate according to the 
preprogrammed parameters set by the manufacturer. Alternatively, the user can 
modify the parameters for only the keeping warm mode such as the length of the 
keeping warm period and the interior temperature for the keeping warm firiod, etc. 
Furthermore, the user can enter an entirely new recipe for a new kind of bread and 
set all the parameters as required by the recipe. 

In another preferred embodiment of the present invention, the starting 
or finishing time for any baking cycle of the breadmaker 1 can be preprogrammed 



or programmed by the user. In other words, the user can prepare the ingredients in 
advance and program the breadmaker to start or finish any baking cycle at a preset 
time. 

In the preferred embodiment of the present invention, the breadmaker 
can be programmed and operate in five different modes: (1) kneading mode; (2) 
baking/steaming mode; (3) keeping warm mode; (4) reheating mode; and (5) high 
heating mode. 

During the kneading and baking/steaming modes, the present 
invention can be operated similarly to the breadmakers as discussed in U.S. Patent 
No. 5,704,277 so that the humidifier 38 and the surface heater 36 are normally not 
used. However, under some circumstances if a recipe calls for the operations of the 
humidifier 38 and/or the surface heater 36, either one or both of the humidifier 38 
and the surface heater 36 can be activated. 

In the keeping warm mode, the breadmaker of the present invention 
maintains a predetermined ambient environment inside the baking chamber 12 as 
defined by the program and/or entered by the user. In this mode, the electric heater 
14 is usually turned off. The less powerful surface heater 36 is turned on for 
warming the baking chamber 12 within a desirable temperature. In addition, the 
humidifier 38 supplies the water vapor needed for maintaining a desirable humidity 
level inside the baking chamber 12 in order to keep the moisture inside the bread. 
Further, in the keeping warm mode, the vent holes 42 are closed to prevent loss of 
moisture from the baking chamber 12. 

The reheating mode is designed for reheating the bread, after the 
bread has cooled down. For example, the bread can be reheated in the morning after 
staying inside the breadmaker overnight- In the reheating mode, the temperature 
inside the baking chamber 12 is closely monitored and controlled by the temperature 
sensor 32 and the surface heater 36. Furthermore, the humidity level inside the 
baking chamber 12 can be monitored and controlled by the humidity level sensor 34 
and the humidifier 38 located inside the baking chamber 12. 

In the preferred embodiment, during both the keeping warm and 
reheating modes, the electric heater and the stirrer motor 18 are usually turned off 
The operation of the air circulating fan 30 is optional depending on the requirement 
of the recipe and the ambient conditions. For example, when more uniform ambient 
conditions are required inside the baking chamber 12, the air circulating fan 30 can 
be turned on by the controller 40. 
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Finally, in the high heating mode, the breadmaker's mmn electric 
heater 14 inside the baking chamber 40 is turned high in order to sterilize the baking 
chamber by killing off all the germs contained therein. Further, the high heat also 
eliminates the moisture contained inside the baking chamber to prevent mold 
5 forming. 

It is an important feature of the present invention to have the 
humidity level sensor 34 and humidifier 38. The humidifier 38 is specifically 
designed to maintain the humidity level in the baking chamber 12 and keep the 
moisture inside the bread. Without such a feature, the bread will be dried by the 
10 surface heater 36 during the keeping warm and reheating modes. 
^ After the bread has been baked and if it is desired to have the bread 

^ consumed at a much later time, say several hours later, the breadmaker 1 preferably 

does not go into the keeping warm mode immediately. Instead, a cooling down 
mode is initiated to cool down the baking chamber 12 and therefore the bread inside 
15 it as soon as practical. The lower temperature is advantageous in discouraging the 
growth of any microorganism on the bread during the period the bread is stored in 
the breadmaker. 

The cooling of the baking chamber is effected by having the vent 
holes 42 in an opened position and employing an exhaust fan to exhaust the hot air 
20 inside the baking chamber to the outside. In one embodiment, the ventilation by the 
exhaust fan continues for a predetermined period of time. In another embodiment, 
the exhaust fan is shut down after the temperature of the baking chamber has 
reached a predetermined temperature. 

In a preferred embodiment, the fan motor 30 is used to drive a fan 
25 which alternately functions as an exhaust fan or as a circulating fan. When 
functioning as an exhaust fan, it ventilates the air inside the baking chamber 12 to the 
outside. When functioning as a circulating fan, it circulates the air inside the baking 
chamber as well as helping to distribute the vapor from the humidifier 38, 

The user is able to set the desired time for the bread to be consumed 
30 again. At a given time prior to the desired time, the breadmaker enters into the 
reheating mode in order to restore the bread to a desired temperature and humidity. 
In the reheating mode, the vent holes 42 are closed and the controller 4(ioperates 
the electric heater 14 as well as the humidifier 38 in response to the temperature and 
humidity level monitored by the ambient condition sensors to achieve a desired 
35 temperature and humidity. In another embodiment, the surface heater 36 is also 
operating to ramp up the temperature in the baking chamber quickly. 



After the reheating has achieved the desired temperature and 
humidity, the breadmaker can once again go into anyone of the other operating 
modes such as the keeping fresh mode depending on the programmed cycle or the 
user's action. 

With the capability of the cooling down mode, the risk of the bread 
spoiling is minimized. It is relatively simple to incorporate this mode into any cycle 
where the bread is anticipated to be stored in the breadmaker for over a few hours. 

It is to be understood that while the invention has been described 
above in conjunction with preferred specific embodiments, the description and 
examples are intended to illustrate and not limit the scope of the invention, which is 
defined by the scope of the appended claims. 



